Introduction
Gene transfer of the cystic fibrosis transmembrane conductance regulator (CFTR) cDNA to airway epithelia could provide an important new treatment for cystic fibrosis (CF) lung disease (1) . Despite the demonstrated ability of several vectors to express CFTR and correct the Clchannel defect in human airway epithelia in vitro and in vivo (see refs. 2-6 for review), a severe inefficiency in delivering the CFTR transgene has prevented the development of gene transfer as a new treatment. The two most important factors for the inefficiency are limited binding of vector to the apical surface of differentiated human airway epithelia and limited endocytosis across the apical membrane. A paucity of apical receptors prevents binding of viral vectors, including adenovirus (7-9), adeno-associated virus (AAV) (10) (11) (12) , and retroviral vectors (13) , as well as nonviral vectors, including cationic lipids (14) (15) (16) . Compounding the limited vector binding, and in contrast to observations in cell lines, the rate of endocytosis across the apical membrane of differentiated airway epithelia is low and may limit gene transfer for adenovirus, AAV, and nonviral vectors (8, 16, 17) .
A method that increased vector binding and endocytosis might enhance both viral and nonviral vector gene transfer to airway epithelia. One strategy to circumvent the lack of apical receptors is to nonspecifically increase vector binding. For example, earlier work showed enhancement of gene transfer when adenovirus or AAV-vector binding was increased by incorporating virus in a calcium phosphate (CaPi) coprecipitate (18) (19) (20) . However, this delivery method did not increase endocytosis across the apical surface (21) . An alternative strategy is to identify receptors that are normally expressed on the apical surface of human airway epithelia. Coupling or engineering the receptor ligand to the vector might then specifically target the vector to the receptor (22) (23) (24) (25) (26) (27) . An ideal ligand would not only enhance binding, but also stimulate endocytosis.
For a target we considered GPI-linked receptors because they reside on the apical surface of polarized epithelia (28) . Although GPI-linked proteins do not have transmembrane or cytoplasmic domains, when the adenovirus receptor was targeted to the membrane by a GPI linkage, it bound adenovirus and enhanced gene transfer (29) . Gross et al. (30) found that pulmonary alveolar epithelial cells express the urokinase plasminogen activator (uPA) and its receptor (uPAR), a GPI-linked receptor. Therefore, we hypothesized that uPAR might also be expressed in airway epithelia and that this ligand-receptor system might be used to enhance gene transfer. A 55-kD secreted serine protease, uPA cleaves plasminogen to the active plasmin and can degrade components of the extracellular matrix (31, 32) . The carboxy-terminal portion of uPA is catalytically active, whereas the amino-terminal portion Targeting the urokinase plasminogen activator receptor enhances gene transfer to human airway epithelia of uPA binds with high affinity to uPAR (33) . uPar is a 55-65-kD glycoprotein (34) , involved in both clathrindependent and clathrin-independent endocytosis (35) . In addition to binding uPA, uPAR serves as a cellular adhesion receptor for vitronectin and as a signaling receptor (36) (37) (38) . uPAR also interacts with several cell surface proteins including integrins, low-density lipoprotein receptor-related peptide, very-low-density lipoprotein receptor, megalin and the mannose-6-phosphate/insulin-like growth factor-II receptor (39) (40) (41) .
Methods
Cells, cultures, and explants. Human airway epithelia were obtained from tracheas and bronchi of lungs removed for organ donation. The University of Iowa In Vitro Models Core (Iowa City, Iowa, USA) isolated cells by enzyme digestion as described previously (42, 43) . Freshly isolated cells were seeded at a density of 5 × 10 5 cells/cm 2 onto collagen-coated, 0.6-cm 2 diameter Millicell polycarbonate filters (Millipore Corp., Bedford, Massachusetts, USA). Cultures were maintained in a 37°C incubator with 7% CO 2 and air. After 24 hours, media from the mucosal side was removed, and cells were cultured at the air-liquid interface. Culture media consisted of a 1:1 mixture of DMEM and Ham's F12, supplemented with 2% Ultraser G (Biosepra SA, Cedex, France), 100 units/mL penicillin, 100 µg/mL streptomycin, 50 µg/ml gentamycin, and 2 µg/ml fluoconazole. Freshly excised monkey trachea was maintained on ice. Explants (1 cm 2 ) were maintained in 1:1 DMEM and Ham's F-12, supplemented with 2% Ultraser G (Biosepra SA) in a 37°C incubator.
Fluorescence-activated cell analysis. Human airway epithelia or COS-1 cells were washed once with PBS, with 0.9 mM Ca 2+ and with 0.9 mM Mg 2+ . Epithelial cells were released from their substratum by a 10minute incubation in 0.05% trypsin and 0.53 mM EDTA at 37°C. This treatment releases all the cells from the permeable support. The cell suspension was collected and 1 mL of Eagle's media was added. Cells were centrifuged at 64 g for 5 minutes. Cells were washed with PBS and centrifuged again. Cells were then treated with either PBS alone or with a murine, anti-human uPAR antibody (1:100; American Diagnostica, Greenwich, Connecticut, USA) at 4°C for 2 hours. After incubation, cells were centrifuged at 64 g for 5 minutes. Cells were washed with PBS and then incubated with FITC-conjugated anti-mouse IgG (1:500; Jackson ImmunoResearch Laboratories, West Grove, Pennsylvania, USA) for 1 hour at room temperature. Cells were centrifuged for 5 minutes at 64 g, resuspended in PBS, and analyzed by FACS.
Immunocytochemistry. Human airway epithelia were chilled on ice for 15 minutes. All incubations were performed at 4°C and followed by 3 washings of PBS. Cells were incubated with 0.05 M glycine for 25 minutes to quench free aldehydes, then with 5% BSA for 1 hour to block nonspecific binding. Anti-human uPAR antibody (1:100; American Diagnostica) in PBS was added to the apical surface and incubated for 3 hours. FITC-conjugated anti-mouse-IgG (1:500, Jackson ImmunoResearch) in PBS was added apically for 1 hour. Cells were fixed with 4% paraformaldehyde for 15 minutes, mounted on glass slides, and studied using confocal microscopy (MRC-1024; Bio-Rad Laboratories, Richmond, California, USA). In some cases, ethidium bromide was then applied to the permeabilized cells. Control cells were treated with FITCconjugated anti-mouse IgG only.
ELISA on human airway epithelia. Human airway epithelia were chilled on ice for 15 minutes. Following 3 washes with PBS, nonspecific binding was blocked with 1 × TBS (137 mM NaCl, 2.7 mM KCl, 2.5 mM Tris) and 5% milk for 1 hour on ice. All incubations were followed by 3 washes with PBS, unless otherwise indicated. Varying concentrations of uPA were applied apically for 30 minutes on ice. Cells were then fixed with 4% paraformaldehyde for 15 minutes. Bound uPA was detected by apical incubation with a mouse anti-human uPA mAb (1:1000 in 1 × TBS + 5% milk; American Diagnostica) for 1 hour at 37°C. Anti-mouse IgG-HRP (1:5000 in 1 × TBS + 5% milk; Amersham Pharmacia Biotech, Inc., Piscataway, New Jersey, USA) was then applied apically for 1 hour at 37°C. TMBD substrate buffer (3,3′,5,5′, tetramethyl benzidine dihydrochloride in 0.1 M citric acid, 0.2 M Na 2 HPO 4 , pH 5.0) was added apically for 5 minutes at room temperature in the dark. TMBD substrate buffer was removed, and the reaction was stopped with 2 N H 2 SO 4 . Color change of substrate was read at 450 nm (OD 450 ) in a plate reader.
Assay for fluid-phase endocytosis. Cells were chilled on ice for 15 minutes and then incubated with 50 nM uPA or 0.15 µM u7-peptide added to the apical surface for 30 minutes at 4°C. After 3 washes in PBS, cells were incubated with 0.5 mg/mL Texas red-labeled fixable dextran (3,000 MW; Molecular Probes, Eugene, Oregon, USA) for 10 minutes at 37°C. After 3 washes in PBS, cells were fixed with 4% paraformaldehyde, mounted onto glass slides with VectaShield (Vector Laboratories, Inc., Burlingame, California, USA), and viewed by fluorescence microscopy. Control cells were incubated with Texas red-labeled dextran alone to measure basal levels of endocytosis. Monkey tracheal explants were assayed as described for primary cell cultures. To evaluate timedependent changes, cells were treated as described above with uPA (50 nM) followed by incubations in Texas red dextran of 5, 10, 30, or 60 minutes at 37°C. To evaluate the requirement of a GPI-anchored receptor for uPAstimulated endocytosis, human airway epithelia were incubated with phosphatidylinositol-specific phospholipase C (PI-PLC from Bacillus cereus; Molecular Probes) for 2 hours at 37°C followed by 3 washes in PBS before incubations with uPA and Texas red dextran. This treatment with PI-PLC did not alter transepithelial resistance.
Western blot for uPAR. Human airway epithelia, MDAMB23 (a breast cancer cell line), and H441 cells (an adenocarcinoma lung cancer cell line) were solubilized with 0.1% Triton X-100 (Pierce Chemical Co., Rockford, Illinois, USA). Cells were spun down, and the soluble phase was run on a 10% acrylamide gel under reducing conditions. Proteins were transferred to a PVDF transfer membrane (Millipore Corporation) and then blocked with 5% BSA for 1 hour. After extensive washes in TTBS (137 mM NaCl, 2.7 mM KCl, 2.5 mM Tris, 0.05% Tween-20), mouse anti-human uPAR antibody (1:1000; American Diagnostica) was applied for 2 hours. After washes, anti-mouse-IgG-HRP (1:10,000; American Pharmacia Biotech) was applied for 1 hour. The blot was developed using Super Signal (Pierce Chemical Co.) for 1 minute and exposed to film (Kodak X-O-Mat; Sigma Chemical Co., St. Louis, Missouri, USA).
Recombinant adenovirus and reagents. Recombinant adenovirus vectors expressing β-galactosidase (Ad2/β-Gal-4) and CFTR (Ad2/CFTR-16) were prepared as described previously (19) by the University of Iowa Gene Transfer Vector Core at titers of approximately 10 10 infectious units (IU)/mL. Recombinant AAV2 vector expressing β-galactosidase was prepared at approximately 1 × 10 7 IU/mL, as previously described (44) . Pseudotransduction cannot explain the results of transgene expression because we detected no β-galactosidase activity 1 hour after vector administration; with AAV the transgene was expressed 2 weeks after vector application, and the generation of regulated transepithelial Cltransport could not be explained in this way.
The uPA was purchased from either Calbiochem-Novabiochem Corp (source: human urine; San Diego, California, USA) or Sigma-Aldrich Inc. (source: human kidney cells, Milwaukee, Wisconsin, USA). The u7-peptide (CLNGGTC), a scrambled peptide (GTCGNCL), and a mutated peptide (CLNFFTC) were synthesized by the University of Iowa Peptide Synthesis Core.
Covalent attachment of u7-peptide to adenovirus. Bifunctional polyethylene glycol (PEG) molecules were added to virus at room temperature for 60 minutes to allow coupling of PEG to viral surface proteins (45) . Unreacted PEG was separated from the PEG-modified virus by CsCl centrifugation as described previously, and PEG-modified virus (Ad2/PEG) was finally dialyzed into PBS (pH 7)
containing 5% sucrose. The u7-peptide and mutated peptide synthesized to include a terminal cysteine with a free sulfhydryl were dissolved in PBS containing 5% sucrose to a final concentration of 10 mM and were added to 1.5 × 10 12 particles of Ad2/PEG at a final concentration of 1 mM. The peptide and PEG virus were allowed to couple for 4 hours at room temperature. Unreacted peptide was removed from Ad2/PEG/peptide by dialysis into PBS containing 5% sucrose.
Evaluation of gene transfer. The apical surface of human airway epithelia was washed once with PBS. Adenovirus was applied at a moi of 50 to the apical surface for 30 minutes at 37°C. Adenovirus was applied either alone or in a CaPi coprecipitate formed as described previously (18, 19) . After 3 washes, cells were returned to the incubator and assayed for gene transfer 48 hours later. AAV2 was applied at a moi of less than 1 to the apical surface for 30 minutes at 37°C. AAV2 was applied either alone or on a CaPi coprecipitate formed as described previously for adenovirus (18, 19) . After 3 washes, cells were returned to the incubator and assayed for gene transfer 14 days later. Total β-galactosidase activity (in relative light units [RLU]) was measured using a commercially available technique (Galacto-Light; Tropix, Bedford, Massachusetts, USA). Background activity in the absence of vector was subtracted. β-galactosidase activity was normalized to total milligrams of protein.
Monkey tracheal explants were infected as described for primary cells. Following infection, explants were maintained in a 37°C incubator for 72 hours and then stained with X-gal. For X-gal staining, explants were fixed with 1.8% formaldehyde and 2% glutaraldehyde, and then incubated at 37°C in X-gal solution overnight.
Measurement of transepithelial electrical properties. Epithelia were mounted in modified Ussing chambers (Jim's Instruments, Iowa City, Iowa, USA) and bathed with Ringer's solution on their submucosal side (135 mM NaCl, 2.4 mM K 2 HPO 4 , 0.6 mM KH 2 PO 2 , 1.2 mM CaCl 2 , 1.2 mM MgCl 2 , and 5 mM HEPES, pH 7.4, and 10 mM dextrose). The mucosal surface was bathed in the identical solution, except that 135 mM sodium gluconate replaced the 135 mM NaCl. In this way a transepithelial Cl --concentration gradient was established to magnify changes in Cltransport. Transepithelial Na + transport was blocked with mucosal amiloride (10 µM). Mucosal diisothiocyanatostilbene-2,2′-disulfonate (DIDS; 100 µM) blocked non-CFTR Cltransport. The cAMP agonists, forskolin (10 µM) and IBMX (100 µM), were applied to both solutions to stimulate transepithelial Cltransport via CFTR.
Results
Human airway epithelia express uPAR at the apical surface. To learn whether human airway epithelia express uPAR, we studied primary cultures of epithelia grown at the air-liquid interface under conditions that allow them to differentiate and develop morphologic and functional properties of the native epithelium (42, 43) . After at least 2 weeks in culture, cells were dissociated from the permeable support, probed with an antihuman uPAR mAb, and labeling was detected by fluorescence-activated cell sorting. Figure 1a shows results from COS-1 cells, which are known to express uPAR (46) ; Figure 1b shows that human airway epithelia also express uPAR. Figure 1d shows that airway epithelia contain uPAR transcripts. Immunocytochemistry of unpermeabilized epithelia detected uPAR (green fluorescence) on the apical surface ( Figure 1c ). These data indicate that uPAR is present on the apical surface, suggesting that it might serve as a target for ligand applied to the lumenal surface.
In airway epithelia uPA binds uPAR with high affinity. We tested binding of uPA to differentiated human airway epithelia, using a modified ELISA. Figure 2 shows that uPA bound to the apical surface; half-maximal binding occurred at approximately 50 nM. Studies in HeLa cells reported an EC50 for binding of uPA to uPAR of approximately 400 nM (47) . Binding of uPA was specific because u7-peptide (0.15 µM) successfully com-
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The pleted binding whereas the mutated peptide (0.15 µM) did not (data not shown). These data suggest that a high-affinity interaction between uPA and uPAR is preserved in human airway epithelia. Apical uPA increases fluid-phase endocytosis. To learn whether uPA binding could stimulate endocytosis, we measured uptake of Texas red-conjugated dextran, a fluid-phase marker. Figure 3a shows that under basal conditions, few cells took up dextran from the apical solution. This result is consistent with earlier work suggesting a low level of apical endocytosis (8, 16) . However, after apical addition of uPA (50 nM), there was a marked increase in the number of cells that took up the fluid-phase marker (Figure 3b ). We determined the total number of cells in a microscopic field by staining all nuclei with 4′6-diamidine-2′-phenylindole dihydrochloride (DAPI). Under basal conditions, 0.9 ± 0.2% of cells were dextran-positive, and with uPA 4.0 ± 0.5% of cells were positive. Because the epithelium is pseudostratified and not all cells touch the apical surface, these numbers underestimate the percentage of cells that have access to the apical surface and that will be involved in transepithelial transport. Vertical sections through the cells show little dextran uptake under basal conditions and increased labeling of the cell following apical uPA (lower portion of Figure 3, a and b) . These data suggest that ligand binding to uPAR stimulates endocytosis. However, they also suggest that stimulation of endocytosis is heterogeneous, with not all cells participating. Perhaps this is because not all the cells express receptor, as suggested by Figure 1c , or because the amount of receptor varies on individual cells.
To determine how quickly internalization follows ligand binding, we incubated epithelia with apical uPA (50 nM) at 4°C for 30 minutes. Cells were then incubated with labeled dextran for 5-60 minutes at 37°C. An increase in stimulated uptake was apparent by 5 minutes, and uptake continued to increase for at least 30 minutes (Figure 3c ). By 60 minutes, the dextran fluorescence developed a more vesicular appearance, suggesting intracellular accumulation in late-stage endosomes or lysosomes (not shown). Removal of uPAR by incubation with PI-PLC, which cleaves GPI linkages, eliminated the endocytosis response (Figure 3d ). These data indicate that ligand binding to uPAR rapidly and potently stimulates endocytosis.
The u7-peptide stimulates fluid-phase endocytosis. The ability to use a small uPA-derived peptide instead of uPA itself would simplify the incorporation or engineering of the ligand into gene transfer vectors. Use of a peptide would also eliminate potential unwanted effects from delivering the enzymatic portion of the fulllength uPA molecule. Studies by Appella et al. (33) , identified an NH 2 -terminal portion of uPA that is key for binding to uPAR. They showed that residues 13-19 (CLNGGTC) are a region of high-sequence conservation involved in binding. We synthesized this peptide (u7-peptide) and examined its ability to stimulate endocytosis. As with full-length uPA, application of u7-peptide to the apical surface of human airway epithelia stimulated fluid-phase endocytosis, whereas an equivalent peptide in which the sequence was scrambled (scrambled peptide) did not (Figure 4 ). Of the total number of DAPI-stained cells, 3.6 ± 0.7% were positive for endocytosis with u7-peptide and 1.2 ± 0.5% were positive with the scrambled peptide. These data show that binding of a small peptide from uPA stimulates endocytosis. Because the u7-peptide does not contain the sequences (i.e., the proteinase domain) required for uPA to bind PAI-1 (36, 48, 49) , these data also indicate that a uPA/PAI-1 complex is not required to stimulate endocytosis in human airway epithelia.
Gene transfer by nonspecifically bound vector to human airway epithelia is enhanced by uPA. We tested the ability of uPA to enhance gene transfer by nonspecifically bound vector. In earlier work we showed that incorporating recombi- nant adenovirus or AAV in CaPi coprecipitates increases nonspecific virus binding to the apical surface and thereby enhances gene transfer (18) (19) (20) . However, administration of CaPi coprecipitates does not increase the rate of apical endocytosis, and thus uptake depends on the basal rate of endocytosis (21) . Thus, we reasoned that treatment of airway epithelia with a virus/CaPi complex to increase vector binding, plus uPA to increase apical endocytosis, would enhance gene transfer. To test this hypothesis, uPA (50 nM) was applied to the apical surface of human airway epithelia. Then adenovirus/CaPi coprecipitates were added, and cells were assayed for gene transfer 48 hours later. Treatment with uPA increased gene transfer 8-to 10-fold compared with delivery of an adenovirus/CaPi coprecipitate alone (Figure 5a ). We obtained similar results with an AAV vector; Figure 5b shows that uPA enhanced gene transfer measured 2 weeks after AAV was delivered in a CaPi coprecipitate.
Earlier work showed that disrupting epithelial tight junctions allowed access of viral vectors to the basolateral surface where they could bind receptors (9, 12, 13) . We found no effect of uPA or the u7-peptide on epithelial tight junction integrity as measured by transepithelial electrical resistance (data not shown). Moreover, the u7-peptide, which has no enzymatic activity, had an effect similar to uPA and stimulated fluid-phase endocytosis across the apical membrane. Finally, disrupting tight junctions by chelating Ca 2+ did not enhance gene transfer by Ad/CaPi (R.W. Walters and M.J. Welsh, unpublished data). These data indicate that disruption of tight junctions did not account for the enhanced gene transfer.
We also tested the ability of uPA to enhance gene transfer and expression of CFTR in differentiated CF airway epithelia. Figure 5c shows that gene transfer with an adenovirus expressing CFTR in a CaPi coprecipitate generated a cAMP-stimulated current. uPA further enhanced the correction. This result indicates that uPA targets cells involved in generating transepithelial Cltransport.
Gene transfer to monkey airway epithelial explants is enhanced by uPA. As an additional test of uPA-mediated endocytosis and gene transfer, we studied freshly excised monkey tracheal explants. Figure 6a shows a control explant treated with FITC-dextran only; because with human epithelia there was a low level of basal endocytosis. In contrast, apical application of uPA stimulated endocytosis 3-fold over control levels (Figure 6 , a-c). We also assayed the effect of uPA on Ad/CaPi-mediated gene transfer to explants. Control explants infected apically with Ad/CaPi alone had low levels of gene transfer (Figure 6d ). However, if uPA was first applied apically and followed by Ad/CaPi, there was an approximately 8-fold increase in gene transfer ( Figure 6 , e and f). Thin sections of X-gal-stained explants showed both ciliated and nonciliated cells expressing transgene (Figure 6g ). Based on the number of DAPI-stained nuclei in a microscopic field, approximately 2% of the total number of cells were X-gal positive. As described above, this percentage is an underestimate of the percentage of transduced cells that touch the apical surface.
Coupling a uPA-derived peptide to an adenovirus vector enhances gene transfer. Specific binding of vector to the apical surface would be preferable to nonspecific binding. Therefore, we tested the hypothesis that specifically targeting the uPAR could enhance gene transfer. Earlier work showed that PEG can be coupled to adenovirus vectors (45) . Therefore, we linked the u7-peptide to PEG, which was coupled to the capsid of recombinant adenovirus expressing β-galactosidase. As controls, we coupled adenovirus to PEG alone or to PEG linked to a mutated peptide. Figure 7 shows that coupling the u7peptide to the PEG-modified vector enhanced gene transfer to airway epithelia 10-fold.
Discussion
Binding to the cell surface and uptake across the apical membrane are two of the major barriers that limit viralmediated gene transfer to human airway epithelia (6-10, 12, 13, 17, 43, 50, 51) ; once viral vectors have entered the cell, viral proteins accomplish subsequent steps in gene transfer. Nonviral vectors in which plasmid DNA encodes a transgene may also be limited by binding and by uptake (14-16); however, subsequent steps in the process of gene transfer such as escape from endosomes and entry of DNA into the nucleus also contribute to their inefficiency (14) . Our data suggest that use of the uPA ligand and its receptor, uPAR, may provide a useful strategy to circumvent both the limited binding and low rate of endocytosis. The results support this strategy by using 2 different models of airway epithelia, differentiated human airway epithelia and freshly excised monkey trachea, and 2 different vectors, adenovirus and AAV.
The presence of uPAR on the apical membrane and the ability of both the uPA and u7-peptide ligands to stimulate apical endocytosis suggest the utility of the system. The ligand could be delivered as a separate component to enhance endocytosis of a vector that was nonspecifically bound to the apical surface, i.e., virus/CaPi coprecipitates. Our finding that gene transfer was enhanced by coating virus with u7-peptide/PEG provides more direct evidence that apical uPAR can be targeted to enhance gene transfer. However, it would be more desirable in future studies to engineer the peptide directly into the surface of any one of several vectors. The high affinity of uPA binding, with a half-maximal binding in the range of 50 nM, makes the receptor an attractive target.
Our data leave open the question of how uPA stimulates apical fluid-phase endocytosis. Binding of uPA might stimulate endocytosis of uPAR, thereby increasing fluid-phase endocytosis. Alternatively, uPA binding to uPAR might stimulate fluid-phase endocytosis, perhaps through a second messenger system. Because the GPI-linked uPAR lacks a transmembrane domain, stimulation of endocytosis through either mechanism would require association with another transmembrane protein, several of which have been identified (34, (39) (40) (41) . Because we obtained similar results with an NH 2 -terminal peptide from uPA that would not associate with PAI-1, our data suggest that binding of these 2 proteins is not responsible for endocytosis. Additional studies will be required to identify the molecular mechanisms that stimulate endocytosis.
The uPA/uPAR system may offer several advantages for future development of gene transfer. We used recombinant adenovirus and AAV to test the feasibility of enhancing gene transfer; thus, uPA might be used to target and facilitate gene transfer by several encapsidated vectors and, perhaps, nonviral and enveloped viral vectors. Future applications should explore the engineering of uPA peptides into viral surface proteins. For example, several peptides have been engineered into the adenovirus fiber protein and penton base and AAV capsid to target these viruses (22) (23) (24) (25) (26) (27) 52 ). The uPA system might also be used to target other pharmaceuticals to airway epithelia. For example, lumenal delivery of a protein that contains part of uPA for targeting and uptake, fused to another peptide such as a single chain antibody, might have utility in airway disease. Finally, the high level of uPAR expression on several cancer cells (53-55) suggests this delivery system might have applications in cancer.
Figure 7
Targeting an adenovirus vector (Ad2/βGal-4) to uPAR by covalent association of u7-peptide and PEG to the adenovirus capsid. Ad/PEG/mutated refers to a mutated u7-peptide sequence (n = 6). *P < 0.05.
